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Synthetic detergents are now widely used for purposes of cleaning and sanitation. The most commonly used synthetic surfactant is the anionic alkyl benzene sulfonate (C12ABS), in which the alkyl is a branched-chain dodecyl group composed of four propylene units. This compound has negligible bactericidal activity against gramnegative bacteria, but appreciable activity against gram-positive species.
In preliminary studies of the bactericidal activity of C12ABS, 0.1 M phosphate buffer was used to control pH. An Other work showed that the effect of CaCl2 in increasing bactericidal activity was not diminished in the presence of a tenfold molar excess of NaCl; no antagonism between the cations was observed.
Since divalent cations had proved effective, the effect of a "divalent organic cation" was tested. 1 ,4-Dimethyl-1 ,4-diazoniabicyclo-(2,2,2)-octane diiodide was prepared by reaction of triethylene diamine with excess methyl iodide, and was recrystallized from methanol. This compound, with two positively charged N atoms, was ineffective in increasing the bactericidal activity of 25 ppm of C12ABS, when added at a concentration of 5 X 10-4 M.
Because the activity of C12ABS had been studied most extensively in the presence of CaCl2, the behavior of four other anionic surfactants in the presence of this salt was also determined. The data in Table 2 show that the effect of CaCl2 in increasing bactericidal activity As Hotchkiss (1946) showed, bactericidal activity of surfactants is accompanied by a 2.25 X 10-4 6.9 9 9 X 10-3 13 9 9 X 10-2 18 leakage of the constituents of the cell into the environment. Table 4 shows that the increased kill of S. aureus by C12ABS in the presence of CaCl2 is accompanied by release of nitrogen compounds into the solution.
DISCUSSION
Relatively little work on the adsorption of electrolytes and surfactants at bacterial surfaces has been reported. Adsorption of cations at the negatively charged cell surface was indicated by the electrophoretic studies of Winslow, Falk, and Caulfield (1923) ; Ca ions seemed more readily adsorbed than Na ions. McCalla (1940) studied the adsorption of 10-3 M and lower concentrations of H ions and of metal, alkali, and alkaline earth cations by E. coli, and demonstrated preferentiai adsorption of Ca, Mg, Ba, Mn, and Hg; more strongly adsorbed ions were able to replace those less strongly adsorbed. The possibility of adsorption at sites other than the surface of the cell wall is indicated by the work of Harris, Eisenstark, and Dragsdorf (1954) , who obtained evidence that the site of adsorption of mercuric ions by E. coli, Salmonella pullorum, and Azotobacter agile is inside the cell wall, at the level of the cytoplasmic membrane.
There is also electrophoretic evidence of the adsorption of surfactants on the cell surface. Dyar and Ordal (1946) demonstrated that the negative charge of several species is increased by the anionic surfactant sodium tetradecyl sulfate, and decreased by the cationic surfactant cetyl pyridinium chloride. This work, and that of Dyar (1948) , implicated the surface lipides of the cell as the constituents primarily responsible for the adsorption of anionic surfactants. In contrast, Loveday and James (1957) found that the electrophoretic mobility of Aerobacter aerogenes is decreased at low concentrations of phenol or sodium dodecyl sulfate and increased at higher concentrations; the increased mobility of the cells at the higher concentrations of phenol or dodecyl sulfate was attributed to adsorption of a second layer of ions by van der Waals forces, with the polar groups directed outward. The concentration of phenol or surfactant causing 100% kill appeared to be that which gave complete formation of the first layer on the surface of the cell.
If the action of surfactants is not directly on the cell wall, the difference in susceptibility of gram-positive and gram-negative species may be due to an inability of the surfactant ion to penetrate the more complex wall of the gramnegative cell, although adsorption on the cell wall has been shown to occur. The data given here support the assumption that cations are adsorbed on the negatively charged cell wall, or at the cytoplasmic membrane (Harris et al., 1954) , and promote the adsorption of surfactant anions. These appear to exert their bactericidal effect by altering the permeability of the cytoplasmic membrane (Hotchkiss, 1946; Newton, 1960) . There is direct evidence (Salton, 1957; Few, 1957, 1960) that ionic surfactants can disrupt the cytoplasmic membrane; in this way, they are able to cause the lysis of protoplasts.
There is no a priori reason to expect a close correspondence experimentally between bactericidal action and adsorption of the surfactant; e.g., Table 3 shows no increased adsorption by S. aureus of 8 ppm of C12ABS35 in the presence of 10-4 M CaC12, although CaCl2 concentrations as low as 10-6 M cause decreased survival in the presence of 25 ppm of C12ABS (Table 1) . Only some fraction of the total surfactant adsorbed need penetrate to the cytoplasmic membrane to cause death of the cell.
The well-known observation that polyvalent cations reduce the antibacterial activity of cationic surfactants may be mentioned here; reduction in activity may be due to exclusion of the surfactant from the bacterial surface.
Thus, the role of the more effective cations in promoting the bactericidal activity of anionic surfactants against S. aureus appears to be in increasing adsorption of the surfactant at the cell wall; penetration of the anion to the cytoplasmic membrane then results in disorganization of the membrane, loss of intracellular metabolites, and death of the cell without distinct morphological changes. In this manner, the bactericidal activity of some anionic surfactants may be increased many-fold.
